Objectives. This article describes a class project utilizing an electronic-based format, entitled "VITAL: a virtual interactive case tool for asynchronous learning." The objective was to encourage self-directed skill development using the Internet as a source to deliver and acquire knowledge. Methods. Student teams developed a web-based, interactive tool to facilitate independent learning in non-prescription drugs courses. The course website server provided an online structure for database submission, publication, and review of therapeutic cases following established objectives and guidelines. Student perceptions of the learning value of the project in terms of participation and as a potential knowledge resource are explored and reported in a survey. Results. The results were a series of standardized cases using multiple-choice questions which provide feedback and grading. Content is multimedia enhanced and hyperlinked to additional references. Conclusion. This project fostered independent learning and team dynamics in presentation of applied case-based information to health professional peers. Students considered the asynchronous, interactive approach an engaging way to enhance learning.
INTRODUCTION
Two non-prescription medication courses for classes of 140 students prepare students with the knowledge and skills to practice pharmaceutical care using problembased, student-directed learning. Previous manuscripts in this Journal have described the first 3 years of course implementation and evolution including development of course-specific websites as a facilitation infrastructure 2 ; the objective structured clinical examination (OSCE) 3 ; a student-produced consumer website for nonprescription drugs (CareNet) 4 ; and the use of first year students as standardized patients for a third year student OSCE. 5 Students work in small teams to prepare cases which they teach to the class using audiovisual enhancements. These presentations are self-and peerassessed. The presentations are followed by interactive discussions and development of therapeutic plans with panel members from the class, facilitated by the instructor or guest lecturer. All current and past materials, including Word or WordPerfect documents, PowerPoint presentations, handouts and overheads are archived on the course websites.
Delivering problem-based learning courses to large classes is fraught with limitations regarding breadth and depth of content and presentation formats for varied learning styles. Teaching innovations should consider 3 principles. Technology can create new ways to generate, deliver, and present material, selecting information which needs to be accessed many times or displayed many ways. This expands and enhances time and space beyond the classroom. Educational activities which deliver and assess knowledge and skills should augment student scholarship and motivation. Professional practice courses for Pharmacy students should involve problem solving, decision making and clinical judgements. 1 Considering these concepts, an instructional interactive online tool was developed for 2 second-and third-year non-prescription drug courses to enable asynchronous learning and provide accurate information about over-the-counter therapy. The project was entitled "VITAL: A Virtual Interactive Case Tool for Asynchronous Learning."
Computer-assisted instruction is increasingly important as an enabling strategy, particularly enhancing autonomous learning through multi-media components. For 6 years, computer technology has been developed and refined in these 2 courses, offering communication and interactive tools in a balance of 4 learning styles described by Kolb's inventory. 6 The varied formats represent both inductive and deductive approaches in an attempt to appeal to a variety of study preferences. They include reflective observation (perceivers), concrete experience (feelers), active experimentation (changers), and abstraction conceptualization (analyzers). The models of instruction used in the VITAL project are a composite of programmed instruction and discovery-based and collaborative learning.
METHODS
A literature search failed to uncover any similar, student-generated case resource, although many examples of case-based approaches can be found online. One such example was reviewed and cited for student reference. 
Learning Goals and Objectives
The learning goals for the VITAL project were to facilitate acquisition of the knowledge and skills required to meet course objectives via a web-based learning tool as an alternative to solving/peer-teaching pre-assigned cases; to augment problem-based, selfdirected learning; to provide asynchronous educational opportunities; to enhance proficiency in webbased technology; and to produce a case-based online resource for future use.
Project Description
A web-based interactive tool for self-directed, problem-based learning about non-prescription drugs was developed that consisted of a homepage linking a bank of 28 lessons created by students. The format of each topic includes defined, inclusive learning objectives and a list of published and online references. This is followed by a case-based, multi-mediaenhanced lesson consisting of sequential, multiplechoice questions, with an introductory abstract. Cases provide 1 or more informative, engaging scenarios which could be clinical case histories or situations of medical importance, with corresponding relevant, instructive questions. The user is encouraged to greater understanding by the provision of online access to readily available information. User feedback for all responses includes detailed summaries about degree of accuracy; clarifying explanations for incorrect or partially incorrect responses; and references and online links for further discovery. Correct response feedback also details the rationale behind the question structure and automatically initiates the subsequent question. The learner who selects an incorrect response cannot proceed until the accurate answer is chosen. A side bar for navigating between questions can also be used. Cumulative scoring appears on each page. The target audience is the student or practicing pharmacist, nurse, or physician.
The project began with the second year class of a pharmacy undergraduate baccalaureate program in January 2001. Half the class received the VITAL assignment, randomly assigned into14 teams of 4 or 5 students who were to develop a lesson for a self-medication topic (Table 1) . Remaining class members were divided into 14 teams and assigned an alternate project on the same topics that consisted of workup and class presentations of cases created by the instructor. The following year, the 2 groups switched assignments. Topics involving more complex content were assigned to the third year class, while less complicated subjects were assigned to the second year class.
Project Design
As the project required computer skills in a noncomputer course, the design considered lack of technical expertise and increased time commitment out of the classroom, as well as minimizing the instructor's involvement in data transfer and storage, in keeping with the tenets of self-directed learning. To simplify student data input and storage and provide uniformity, teams manipulated information online via a database, which generated web pages on demand. Students were able to edit material, topics were published when completed, and finished web pages were standardized to assist user navigation. The students had limited creative options in designing their topic page, and were compelled to manually format some html codes as opposed to using an automated editor such as Netscape Composer or Front Page Editor.
In preparation for implementation, an Access database was created, using and instruction pages for students were developed ( Figure 1 and 2).
A submission page was developed with a side bar for database manipulation, allowing the students to point and click to add, delete, edit, or copy a question, print or run a case, send and receive images by file transfer protocol (ftp); or complete the online evaluation form ( Figure 3 ). All text would be entered in html code for formatting, or insertion of images or clips.
The home page for the published cases was designed with side bar access to topics and supplied with a counter. The site was linked to the instructor's web server homepage and password protected (http://djs.phm.utoronto.ca).
The web page format for each topic standardized the appearance for each lesson (Figure 4 ), facilitating editing changes and viewing. The design attempts to attract and engage attention, with a plain white background for easy visualization, and grey or blue headings for quick scanning of sections. A side bar contains links to all questions. Feedback for each answer appears in a box entitled "correct" or "incorrect" ( Figure 5 ).
At the beginning of the semester, students composed a list of questions involving tasks involved, and a tutorial with the instructor was held to provide some suggestions about the best approach. After submission and grading, the team made required changes, after which the lesson was posted online and could be run by learners with a password. In the database, a field, Figure 1 . Welcome screen.
either 0 or 1, determined whether a case was published ( Figure 6 ).
The resource was maintained on an ongoing basis by the instructor who responded to technical difficulties.
Instructional Tasks for Students
For assigned topics, students developed learning objectives and designed a case involving one or more patients, with a series of relevant multiple choice questions and answers to assess comprehension of these objectives. They were directed to use precise language at the comprehension level of an expert health care practitioner. Each team developed a flowchart outlining how their questions satisfied learning objectives, which was submitted for approval before data input.
They composed an abstract and provided an extensive bibliography, citing extracted information in the text. Students inserted links to online references that they determined were current and accurate. To protect copyright, the uniform resource locator (URL) for photos, video clips, and multimedia enhancements linked directly to the material's original source. Copyright permission was obtained for material not online. Data were submitted to the database and edited after review via confidential passwords.
Assessment Measures
Performance and perception measures were used to assess the effectiveness of this assignment as a learning tool.
Performance. Student performance was self-and instructor-assessed using the same instrument. Selfassessments were an opportunity for students to apply the marking criteria to their own work and not have those scores factored into the grading. The assignment was worth 25% of the overall grade for the course. Marks were assigned on a scale of 1 to 10, using the following verbal descriptors as guides: inadequate (0-3), marginally adequate (4), adequate (5), competent (6-7), superior (8) and exceptional (10). Assessment criteria reviewed quality of the information, quality of the presentation, and content. Information was assessed according to how well the material was understood and applied. Presentation was assessed according to conformance to format, question relevance and appropriateness, integration, use of illustrations, conformance to language level, links to other sites, citation of references, and ability to engage the reader or inspire confidence. Content was assessed according to provision and integration of information, with key steps of the systematic approach used for solving course cases (pharmaceutical care process).
Perception. Student perceptions were determined by a survey which included quantitative and free response sections. Students in the second year cohort completed a paper copy; the third year cohort completed the survey online via a link in the edit page. All quantitative survey questions were graded using a Likert scale with the response "Strongly Agree" designated by 5 and the response "Strongly Disagree" designated by 1. Students were also asked to record the approximate number of hours spent on the assignment. 
RESULTS
Performance. The performances of both second and third year student teams on the VITAL term project and the alternate term project (case presentation to peers) are listed in Table 2 . The performance of average grades for individual written and oral exams and the final course averages are also listed. Teams were crossed-over for the term projects in third year: in both years, students scored slightly higher on the VITAL project and slightly lower on examinations. The final course averages were similar. Paired t-tests of these means showed no significant differences (p = 0.59).
Perception. After the first cohort had completed the project, a class vote showed all students in the class preferred to do an interactive case, rather than the case presentation assignment in the third year.
The surveys assessed the students' perceptions of the learning value of creating and then using the finished lessons (Table 3) . Students in both years indicated support for this project. Results suggested they believed that creating a case enabled knowledge and skill building relating to communicating with health care professionals and understanding content issues and project design, and that the completed lessons were a beneficial learning tool that should be used.
The free responses regarding both the computer assignment and the finished cases were positive, supportive, and enthusiastic, describing the project as not only interesting but also educationally beneficial. Students perceived creating a case as an activity that was innovative, practical, applicable to their profession, interactive, flexible, and self-directed. It developed team building, complex task handling, research and computer skills, and changed their perspective from learner to teacher. Students commented that finished cases were a good study tool, provided excellent feedback, promoted information retention, and should be continued in future years.
Students reported an average of 18.8 hours required to complete their project. Tracking the number of hits for completed cases on the site recorded over 45,000 hits in 8 months of use by 140 students.
DISCUSSION
Chronicles of higher education report increasing reliance on computer technology to deliver curricular instruction, a trend that is driven by a number of factors. Proponents project that informational technologies will cover more content, making instruction more cost efficient. Supporters believe that as educators become more proficient with computer-assisted instruction (CAI), traditional classrooms will become obsolete, and students and teachers will have more time for other demands. Concerned opponents question measurable learning gains with CAI, citing the lack of studies reporting significant effects on cognitive measures. They purport that only students with the highest levels of cognitive ability will benefit and suggest technology-driven curricula may garner a degree of alienation and social dissatisfaction among students.
The VITAL project was an alternative problembased instructional instrument that permitted students to create a peer-teaching resource in case-based format for various online audiences, which could not be matched by classroom time, and provided them with a publication citation. The finished resource provides an interactive experience that addresses some specific challenges, such as concept visualization.
Learning Opportunities in Creation of Cases
Students were primarily engaged in the active experimentation mode, described in Kolb's learning inventory as working within cognitive constructivist or discovery-based learning theory. Active-learning educators feel that, whereas didactic presentations tend to support a gradual learning curve or surface learning, a design which requires participation in theorizing, reflecting, and generalization increases the slope of the learning curve. This project required skills in selfdirected research, including planning, organization, and structure; evaluation and integration of knowledge to a problem; and scrutiny of audio-visual material, published literature, and Internet resources. Learning to use online instructions and a database format introduced students to the behaviorist model of learning (programmed instruction), while the team approach provided a forum for socially oriented theories of learning (collaborative learning). Students needed written communication skills in constructing cases, questions, and responses at the appropriate language level for educated health care professionals. Self-assessment and survey requirements were an opportunity for evaluating outcomes and satisfaction.
This learning exercise provided an opportunity for students to apply knowledge and skills directly to peer professionals both in pharmacy and in other health care disciplines. Student authors can cite the online published project on their resumes or job applications.
Learning Opportunities in Completed Case Resources
The interactive computer case presents an impersonal learning opportunity for systematic analysis which relies heavily on logical thinking and rational evaluation. Users operate primarily in Kolb's learning mode of abstract conceptualization. 6 The multiple and varied forms of each lesson should engage and appeal to an audience of disparate learning preferences, presenting widely differing "narrative parable" cases, creative multimedia enhancements, linked literature references, and requiring skills of integration and problem-solving. Learning is convenient as it may be done independently or in a group situation; the learner controls the interactive pacing, the asynchronous nature promotes flexibility; there is immediate feedback and grading, and the ability to repeat lessons may improve learning.
The marks achieved by both cohorts reflect successful integration of required elements. The completed lessons contained appropriate information in an engaging style at the appropriate language level for the target audience. The narrative parables established patient histories that were imaginative, humorous, and cleverly contrived. Applied learning from published lessons was possible, and submissions often refined the technical skill or inventiveness of previous efforts.
Learning Impact
It is difficult to establish a quantifiable beneficial impact on learning outcomes. Comparing course scores to project scores within the crossover groups does not necessarily reflect the impact of the experience since assessment methods are composite and instructors differed for grading other portions of the course. Students who completed the alternate assignment received lower grades on their project and higher grades on examinations. 
Completed Online Cases
Should be continued to be used/updated in subsequent years. Differences were not statistically different and overall course marks were similar.
The survey results and free response comments, however, clearly indicated that both creating the project and the completed resource were perceived by students to be a valued learning experience which promoted active, self-directed learning. Likert scale responses indicated awareness of knowledge and skills building, including communication techniques and technological use of the Internet.
As group work was necessary for successful completion of the project, students attended a half-day seminar on building successful team dynamics, which included activities centred on understanding and accommodating learning styles as described by the Kolb inventory, at the beginning of the second year. Team composition was also academically stratified based on academic averages from the previous year, so that each team had a cross section of academic abilities to facilitate mentoring between stronger and weaker students. Free-response comments reflected the students' appreciation of this collaborative learning approach. Although time spent was considerable, they considered it reasonable in terms of the efficiency of sharing work among team members. Students felt able to divide the work, discuss options through web conferencing, and meet as needed to coordinate. They noted that work was apportioned based on team members' expertise with respect to computer skills, efficient writing skills, or content research. The overall perception from students was that the project was not only worthwhile in providing learning benefits, but they felt that working in a state-of-the-art medium put them on the cutting edge in a way that was also appealing, motivating, and applicable to the profession.
Challenges and Modifications in Implementation
Initially, the instructor reviewed all data online to assess the technical functionality of these lessons. After the first few lessons, to optimize time for content review, Access was used to print the lessons for portablility. For the second year class, the survey tool was in paper form, which took considerable time to tabulate. A database survey was developed, programmed, and implemented for the third year cohort.
Student feedback identified the following issues: they were sometimes unable to edit and had to retype all the information and resubmit when changes were necessary. They often did not correctly access their original file and created several copies of the lesson, which the instructor would have to delete. They sometimes had difficulties in obtaining permission for images or in uploading the images. From time to time, images would disappear from the published lesson, and the instructor would have to ask the teams to replace the images. Some students wished to be more creative and asked for a number of other html codes or additional options. In general, accessibility to computers was not a problem, but some students with older hardware or remote connections via modems experienced long waiting times when downloading from the Internet. Problems and technical difficulties were addressed as the project proceeded during both the second and third year phases.
Subsequent Use of Completed Resource
Students were encouraged to use the lessons as a testing method prior to examinations, either independently or in study groups. Many employed the latter strategy, reporting benefits from the discussions generated and also time efficiency, especially if their remote locations were slow to download material. In response to their enthusiasm and to encourage use of the resource as a study tool, as an added incentive, a few selected multiple-choice questions from these cases were included on the examination. Thus, students could achieve a few 'secured' marks when completing the exam (lessons had indicated the correct responses), in addition to having the benefits of studying material in an entertaining way and the opportunity for self-assessment. The response of students was understandably positive. Interestingly, not all students achieved perfect marks on these questions, either because they did not undertake the effort or they lacked the recall and understanding necessary. This motivational strategy was employed with the participating classes during their second and third year and with 2 subsequent classes.
To explore the value of this interactive e-based tool compared to other problem-based formats in these courses, an exercise to measure relative benefit was undertaken in the fall of 2002 with the succeeding third year class. The results of this exercise will be monitored and assessed. Subsequently, the online site may be modified.
Implication for Faculty Workload and Finances
A 2-year University of Toronto grant from the information technology courseware development fund supported the programming technician but not the instructor's time for the project, which were additional hours to previous iterations of the course. This included time for design and programming of the home page and instructions and submission pages; modifications; weekly review of submissions and revisions online; response to student questions or technological problems; completion of assessments; tabulation of survey results, and maintenance of the site as an online student resource. The project may entail revisions with future classes. However, students were exposed to double the number of case-based applications of course content, expanding the breadth and depth of content beyond instructor-facilitated classroom time.
The interactive technology revolution creates a challenge to faculty in developing new ways to present content, creating new assignments, implementing appropriate evaluation, and measuring outcome assessment. It is increasingly difficult to have the time and resources to effect these changes.
CONCLUSIONS
This project was intended to reinforce concepts presented in lectures and to afford individual students with an opportunity to apply knowledge and skills in an asynchronous, interactive way that fostered both independent learning and team dynamics. It allowed students to gain practical experience in presentation of applied case-based information to health professional peers. In transforming the learner into the teacher, it augments the educational experience: "when one teaches, two learn." Additionally, it presents not onlythe creator, but also the user, with the opportunity to direct their own learning. Delivery of course objectives in an attractive format and project that cannot be duplicated by texts or lectures resulted in an experience student considered a constructive and engaging way to enhance learning.
